Three pilot-scale two-stage hybrid constructed wetlands were evaluated in order to compare their efficiency for total coliforms (TCol) and Escherichia coli removal and to analyze their performances in two 1-year periods of experimentation. System I consisted of a horizontal flow (HF) constructed wetland (CW) followed by a stabilization pond. System II was also configured with a HF CW as a first stage which was then followed by a vertical flow (VF) CW as a second stage. System III was configured with a VF CW followed by a HF CW. In the first year of evaluation, the HF-VF system was the most effective for TCol removal (p < 0.05) and achieved a reduction of 2.2 log units. With regard to E. coli removal, the HF-VF and VF-HF systems were the most effective (p < 0.05) with average reductions of 3.2 and 3.8 log units, respectively. In the second year, the most effective were those with a VF component for both TCol and E. coli which underwent average reductions of 2.34-2.44 and 3.44-3.74 log units, respectively. The reduction achieved in E. coli densities, in both years, satisfy the World Health Organization guidelines that require a 3-4 log unit pathogen reduction in wastewater treatment systems.
INTRODUCTION
The incidence of waterborne diseases associated with pathogenic organisms in partially treated or untreated domestic wastewater discharged to the environment is widespread in areas of developing countries with poor sanitation. In Mexico, more than a quarter of the 112 million population lives in rural communities in which the number of municipal wastewater treatment plants has been increasing slowly (Zurita et al. ) . In these areas, the direct or indirect use of untreated wastewater for crop irrigation is still a common practice. It is well-known that the use of untreated municipal wastewater in an agricultural setting poses risks to human health mainly due to the potential presence of excreta-related pathogens (viruses, bacteria, protozoan and multicellular parasites).
Constructed wetlands (CWs) are one of the most widely used ecological wastewater treatment systems in the world due to their proved capacity for the removal of practically any pollutant from a variety of wastewaters. However, their use is still low in Latin America, specifically in Mexico (Zurita et al. ) . Constructed wetlands are a low-cost option known to act as excellent biofilters for the reduction of bacteria of anthropogenic origin (Ávila et al. a; García et al. a, b) . They are capable of reaching nearly 100% removal of parasitic eggs (Ávila et al. a) due to longer retention times in comparison to more expensive and energy-intensive conventional technologies (Sharafi et al. ) . These systems can be used in centralized systems or in situ to generate reclaimed water which can be safely reused in agriculture (Vymazal ; Cirelli et al. ) . macrophyte roots, adsorption to the media and organic matter, natural die-off and predation by nematodes, protozoa and rotifers (Kadlec & Wallace ) . Despite the high efficiency of CWs for pathogen removal, one-stage systems are usually not sufficient to achieve the desired levels of indicator organisms to ensure the absence of pathogens Although the potential of two-or three-stage hybrid constructed wetlands has been evaluated for pathogen removal, most of the studies have been carried out in cold climate regions of central and northern Europe (Ávila et al. a) and only a few cases have been reported in tropical and subtropical areas of Latin America (García et al. a, b) . In addition, many of these studies have evaluated the efficiency of CWs for pathogen reduction as an advanced treatment stage after a conventional wastewater treatment system, rather than as secondary treatment (Leto et al. ; Rühmland & Barjenbruch ) . In Latin America there is a great need to protect human health by the removal of pathogens from wastewater with low-cost systems. In consequence, the study of hybrid constructed wetlands is required to find out the necessary combinations to be implemented in rural and medium-size communities for wastewater treatment. Therefore, in this study, three pilot-scale two-stage hybrid systems were evaluated in order to compare their efficiency for total coliforms (TCol) and Escherichia coli removal from primary effluent and to analyze their performances in two 1-year periods of experimentation.
METHODS

Description of the wetland systems
The entire description of the systems can be found in Zurita & White () . Briefly, three two-stage hybrid constructed wetlands (HCWs) were evaluated in duplicate.
System I consisted of a horizontal flow CW followed by a stabilization pond (HF-SP). A water level of 35 cm was maintained in HF wetlands. The CWs were continuously fed with a theoretical hydraulic retention time of 3 days.
The effluent from the CWs flowed by gravity to the stabilization ponds. System II was also configured with a horizontal flow CW as a first stage, which was then followed by a vertical flow CW as a second stage (HF-VF).
The horizontal flow CW operated in the same way as in system I, but the effluent was collected in a tank and 
Water quality parameters
The systems were fed with primary effluent from the beginning but allowed to stabilize for 4 months and then monitored weekly for the following 8 months during the 
RESULTS AND DISCUSSION
Performance of the systems during the first year
The performance of the three hybrid systems with regard to additional pollutants and control parameters during the first period of evaluation is shown in Table 1 . The wastewater In the first stage of the three HCWs, the VF wetlands (VF- Figure 1(b) ).
Systems efficiency for E. coli removal
The reduction of E. coli in the first stage of the three systems was high and similar (p > 0.05) ( Table 2 and 
Performance of the systems during the second year
The concentration of additional pollutants in both the influent and the three systems regarding the second year were similar to the first period of evaluation (Table 3) .
System efficiency for total coliform removal
Throughout the second year, both HF-VF and VF-HF systems were equally effective and superior to HF-SP systems (p < 0.05) for TCol removal (Table 4 ). The monthly efficiency of the systems is reported in Figure 3 (Figure 3(a) ).
Reduction of E. coli in the three HCWs
The average efficiency of the systems per month is shown in However, the HF-SP system is the simplest, lowest-cost and lowest-maintenance option and could be preferred in developing countries where skilled labor and economic resources are scarce. The VF CW is the type of constructed wetlands with the least land area requirement but its O&M cost increases even with respect to HF CWs, mainly because of the need for intermittent feeding by pumping which implies electricity consumption; furthermore, it requires skilled labor for design, construction and monitoring (Morel & Diener ) . This means that for poor rural areas of Latin America where there is more availability of land, the HF-SP could probably be the most recommended system. Furthermore, the log unit reduction reached in the effluent of the HF-SP system could be combined with other locally feasible health-protection measures (type of irrigation and/or type of crops, etc.) in order to achieve the healthbased target in practice that is defined by the WHO ().
CONCLUSIONS
This study, performed in a subtropical climate, confirms the results reported by other authors with regard to the capacity a Negative removal (an increase in the output concentration).
Average (×10 4 ) ± standard error of the mean. Reduction in logarithmic units is in parentheses. Entire system removal percentages as well as global reduction in logarithmic units are in bold font.
